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Abstract
Background—Many pediatricians recommend, and many parents administer, alternating or
combined doses of ibuprofen and acetaminophen for fever. Limited data support this practice with
standard US doses.

Objective—This study compared the antipyretic effect of 3 different treatment regimens in
children, using either ibuprofen alone, ibuprofen combined with acetaminophen, or ibuprofen
followed by acetaminophen over a single 6-hour observation period.

Methods—Febrile episodes from children aged 6 to 84 months were randomized into the 3
treatment groups: a single dose of ibuprofen at the beginning of the observation period; a single
dose of ibuprofen plus a single dose of acetaminophen at the beginning of the observation period;
or ibuprofen followed by acetaminophen 3 hours later. Ibuprofen was administered at 10 mg/kg;
acetaminophen at 15 mg/kg. Temperatures were measured hourly for 6 hours using a temporal
artery thermometer. The primary outcome was temperature difference between treatment groups.
Adverse-event data were not collected in this single treatment period study.

Results—Sixty febrile episodes in 46 children were assessed. The mean (SD) age of the children
was 3.4 (2.2) years, and 31 (51.7%) were girls. Differences among temperature curves were
significant (P < 0.001; the combined and alternating arms had significantly better antipyresis
compared with the ibuprofen-alone group at hours 4 to 6 (hour 4, P < 0.005; hours 5 and 6, P <
0.001). All but one of the children in the combined and alternating groups were afebrile at hours 4,
5, and 6. In contrast, for those receiving ibuprofen alone, 30%, 40%, and 50% had temperatures
>38.0°C at hours 4, 5, and 6, respectively (hour 4, P < 0.002; hours 5 and 6, P < 0.001).

Conclusion—During a single 6-hour observation period for these participating children,
combined and alternating doses of ibuprofen and acetaminophen provided greater antipyresis than
ibuprofen alone at 4 to 6 hours.
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INTRODUCTION
Despite a lack of evidence to support their fears, a majority of parents1–7 and pediatric
health care providers8–11 believe that fever can be dangerous to a child. This “fever phobia”
has caused caregivers to treat fever aggressively with antipyretics such as ibuprofen and
acetaminophen, often in combination.12 Although there are limited data to support the use of
these medications together for the treatment of fever,13–18 it has been reported that 50% of
pediatric practitioners advise parents to alternate acetaminophen and ibuprofen in an attempt
to achieve greater antipyresis.12

Pharmacologic evidence suggests that acetaminophen and ibuprofen may be well tolerated
when used together because the 2 medications have different pathways of metabolism that
are not affected by each other.19–21 Both drugs are generally well tolerated,22–24 with wide
therapeutic margins if proper dosing is used, and a combined preparation of the 2
compounds has been available outside the United States for more than a decade.25

Furthermore, despite theoretical concerns regarding misdosing, reports of adverse events
from alternating or combined use of acetaminophen and ibuprofen are rare given the
frequency of coadministration of the 2 drugs.12 Because acetaminophen and ibuprofen are
commonly coadministered to febrile children, further evidence on this practice is required.
Thus, we conducted a 3-arm, randomized, controlled trial comparing the effectiveness of a
single dose of ibuprofen with the combined administration of ibuprofen and acetaminophen,
as well as ibuprofen followed 3 hours later by acetaminophen. Ibuprofen was chosen as the
comparator instead of acetaminophen because clinicians prefer it for high fevers12 and
because the single study that compared the 2 drugs when administered at their maximum
recommended dose found no significant difference between them.26 We hypothesized that
the 2 treatment groups using both ibuprofen and acetaminophen would experience greater
antipyresis than would the group using ibuprofen alone during the 6-hour observation
period.

SUBJECTS AND METHODS
Participants

From March 2006 through July 2009, children aged 6 months through 8 years were recruited
from outpatient clinics and child day-care facilities to participate in this 6-hour-long study at
a single academic medical center in Hershey, Pennsylvania. Inclusion criteria for the study
required an initial temperature of ≥38.0°C when measured by a temporal artery thermometer
(TemporalScanner, Exergen Corporation, Watertown, Massachusetts). A temperature of
38.0°C was chosen because it is the most widely accepted temperature definition of fever.27

Participating children were also required to demonstrate an ability to cooperate with serial
temporal artery temperature measurements and to take medications by mouth. Children were
excluded from participating if they had received acetaminophen within 6 hours of
presentation or ibuprofen, aspirin, or other NSAIDs within 8 hours of presentation. Other
major exclusions included weight >60 kg (to avoid surpassing 600 mg of ibuprofen or 1000
mg of acetaminophen in a single dose), a history of adverse reaction to any study medication
ingredient, diabetes mellitus, renal dysfunction, hepatic dysfunction, thrombocytopenia, or
presence of moderate or severe dehydration. Children were also excluded if medical
judgment determined that the severity of the underlying illness prohibited inclusion or if the
child had already participated in the trial on 3 previous occasions. Although individual
children could participate in the trial more than once, it was required that 2 weeks pass
between each date of participation. This decision was made to aid recruitment, but the time
span between participation ensured that an illness distinct from that of prior enrollment was
involved and that there was a more than sufficient washout period from study drug
consumption.19
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The study was approved by the Penn State College of Medicine’s Human Subjects
Protection Office, and the trial was registered at www.clinicaltrials.gov in December 2005.
Informed consent was obtained from the parents of all participants; obtaining verbal assent
from participating children was not required.

Procedures
Febrile children began participation through either presentation to the General Clinical
Research Center of the Penn State College of Medicine or by a research coordinator
traveling to the on-campus child day-care center where the febrile child was located. After
confirmation that the participant met enrollment criteria, each child was randomly assigned
to 1 of 3 treatment groups according to a computer-generated log and then was followed for
6 hours. Baseline measurements included weight and temporal artery temperature. In
addition to the baseline measurement, temporal artery temperatures were taken hourly over
the 6-hour study period. At each time point, temperatures were measured by unblinded
research nurses at least twice until 2 consecutive measurements were within 0.2°C. The
decision to not mask or conceal study nurses reflects the fact that the outcome of
temperature is objective.

As shown in Figure 1, participants in treatment group A received a single dose of ibuprofen*

(oral suspension 100 mg/5 mL), at a dose of 10 mg/kg at the beginning of the 6-hour
observation period. Those in treatment group B received a single dose of 10 mg/kg of
ibuprofen plus a single dose of 15 mg/kg of acetaminophen† (oral solution USP 160 mg/5
mL) at the beginning of the observation period, while those in treatment group C received
10 mg/kg of ibuprofen at the beginning of the study followed by 15 mg/kg of acetaminophen
3 hours later. The “alternating” schedule for group C was chosen as opposed to other
regimens that have been described12,14,16,17 because it allows for the most frequent pattern
of alternating drugs without exceeding the maximum recommended dose for either
compound (40 mg/kg/d of ibuprofen, 75 mg/kg/d of acetaminophen). Medication volumes
were rounded to the nearest 0.1 mL by the research nurse who administered the drugs.

Sample Size and Statistical Analysis
Before initiating the study, it was determined that a total of 120 subjects, randomly assigned
to 3 treatment groups, would have 80% power to detect a 0.5°C difference in temperature
reduction between treatment arms with α = 0.05. Recruitment challenges arose because of
the necessity of a morning fever in participants. This requirement was necessary to ensure
research staff coverage for the 6-hour study period. Furthermore, administrative changes at
an on-campus child-care facility led to unexpectedly poor recruitment from that center.
These barriers resulted in a reduced sample size of 46 participants that took 3 years to
recruit. Among the 46 participating children, 8 participated twice, 3 participated 3 times, and
35 participated only once. In total, these 46 participants contributed 60 febrile episodes that
were randomly assigned into the 3 treatment groups with 20 episodes per group.

Demographic and baseline features were analyzed through χ2 test, Fisher exact test, and
ANOVA. Using an assumption that there was no dependence among the multiple fever
events from a single child because each fever event was part of a distinct illness (separated
by at least 2 weeks), the repeated measures of temperature were analyzed by mixed-model
methodology through PROC MIXED software, version 9.2 (SAS Institute Inc., Cary, North
Carolina), including modeling the polynomial trends over time and comparisons of

*Trademark: Children’s Motrin®, McNeil-PPC, Inc., Fort Washington, Pennsylvania.
†Manufactured by Goldline Laboratories, Inc., Miami, Florida.

Paul et al. Page 3

Clin Ther. Author manuscript; available in PMC 2013 April 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.clinicaltrials.gov


temperatures among the 3 groups at different time points.28,29 Time of medication dosing
was not included as a covariate.

The binary outcome of temperature ≥38.0°C and <38.0°C at each of the hourly time points
was also evaluated because this standard temperature threshold may be used by schools and
day-care facilities in determining whether a child may remain at the facility or must be taken
home. Although repeated-measures analysis techniques were also preferable for this binary
outcome, χ2 or Fisher exact tests were used at each of the time points because of the
limitations of the data, where the majority were either 0%(0) or 100%.20 A Bonferroni
adjustment was used to control the inflation of type I error, where the α level was set to
0.05/6 = 0.008 for these binary outcome comparisons.

RESULTS
Children with 60 febrile episodes meeting eligibility criteria were enrolled in this trial, with
all 60 completing the 6-hour observation study. The mean (SD) age of participants was 3.4
(2.2) years and 31 (51.7%) were girls, with no significant difference between treatment
groups (Table I). Forty-nine (81.7%) of the febrile episodes occurred in children who were
white and non-Hispanic. The mean temperature at baseline was 38.7°C, again with no
significant difference among treatment groups (Table II). The most common presenting
diagnoses were upper respiratory infection (n = 27), fever without a source (n = 12), and
acute otitis media (n = 8).

Assessing the effect of treatment on temperature over 6 hours of observation (Figure 2),
there were significant temperature curve differences among the 3 treatment groups (P <
0.001); the combined and alternating treatment arms had greater antipyresis compared with
the ibuprofen-alone group (Table III). Pairwise comparisons of the combined treatment with
ibuprofen alone revealed significant differences at hours 4 (P = 0.002), 5 (P < 0.001), and 6
(P < 0.001), showing that the combined treatment had a greater antipyretic effect at these
time points. Similarly, the alternating regimen also had a greater antipyretic effect than
ibuprofen alone at hours 4 (P = 0.003), 5 (P < 0.001), and 6 (P < 0.001). Moreover, all
subjects in the ibuprofen followed by acetaminophen group were afebrile (<38.0°C) at hours
4, 5, and 6, as were all subjects in the combined treatment group except 1, who had a fever
at hour 6. In contrast, in those children treated with ibuprofen alone, 30%, 40%, and 50%
had temperatures ≥38.0°C at hours 4, 5, and 6, respectively (hour 4, P = 0.002; hours 5 and
6, P < 0.001). Comparisons of temperatures between the combined and alternating regimens
revealed no significant difference at any time point.

DISCUSSION
This study found that over a single 6-hour observation period, combined and alternating
doses of ibuprofen and acetaminophen provided greater antipyresis than did ibuprofen alone.
The findings from the last 3 hours of observation confirmed the hypothesis at the study’s
outset and are consistent with other studies that tested combinations of acetaminophen and
aspirin decades ago.30,31 Additionally, the data describing greater antipyresis in the
treatment group in which ibuprofen and acetaminophen were coadministered are highly
relevant to parents who give medication to their children before day care, school, or sleep.

The present findings can be compared with the few other studies attempting to evaluate the
antipyretic effect of alternating or combined doses of acetaminophen and ibuprofen.
However, 3 of the 6 previous studies used doses or dosing regimens not consistent with the
current standard of care in the United States, such as the use of a 25-mg/kg loading dose of
acetaminophen, 14 TID dosing along with cold sponge baths as needed,13 or using

Paul et al. Page 4

Clin Ther. Author manuscript; available in PMC 2013 April 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



medication amounts below the widely recognized single dose amounts of 10 mg/kg of
ibuprofen or 15 mg/kg of acetaminophen.13–15

Three previous studies have similarities to ours. Over an 8-hour observation period, Nabulsi
et al16 followed a single dose of ibuprofen (10 mg/kg) with either acetaminophen (15 mg/
kg) or placebo 4 hours after the ibuprofen dose in a randomized trial involving 70 children.
The investigators found that the group receiving acetaminophen experienced a greater
antipyretic effect at hours 6 through 8. In a randomized trial that involved 38 children and
had a 6-hour observation period similar to the present study, Kramer et al18 compared
acetaminophen administered every 4 hours with acetaminophen followed by ibuprofen 3
hours later and found greater antipyresis for the latter treatment when assessed at hours 4
and 5 of the study. Hay et al17 compared a regimen using both ibuprofen and acetaminophen
with each drug taken alone in a randomized trial with 156 participating children. The initial
dose of each drug in the combination arm was given together, followed by acetaminophen
every 6 hours and ibuprofen every 8 hours. That study found that combined treatment
resulted in substantially less time with fever for children over 24 hours, but there was
insufficient power to detect differences in discomfort.

Similar to the trial by Hay et al,17 the present study was underpowered to evaluate the effect
of treatment group on discomfort and pain, which may be preferable primary outcome
measures for future studies. Nonetheless, there is evidence that combinations of
acetaminophen and NSAIDs are more effective for the treatment of pain32–36 and can reduce
opioid use37,38 compared with a single agent. Improved activity and alertness in children
have been reported after antipyretic administration.39

We acknowledge several limitations in addition to the relatively small sample size of this
trial. First, the 6-hour observation period allowed for evaluation of only a single cycle of
drug administration and also did not evaluate the full potential duration of ibuprofen’s
effects. This choice was made for logistic reasons along with the fact that ibuprofen can be
safely readministered 6 hours after a previous dose. Our study also did not evaluate the
effect of multiple doses over a longer observation period or adverse events that could occur
from this practice. Nephrotoxicity, for example, is a theoretical possibility that could result
from coadministration of ibuprofen and acetaminophen, particularly in the setting of a
dehydrated child. It is noted, however, that despite the high frequency of coadministration in
real-world settings,22 there are very few case reports of nephrotoxicity linked to this
practice.40–42 Nonetheless, if pediatricians recommend, or caregivers administer, combined
or alternating doses, careful attention must be paid to avoid overdose or use in dehydrated
children.

Another limitation of the study is that no attempt was made to blind the participants or
research nurses because we believed that temperatures could not be influenced in any way
by knowledge of study treatment.

Temporal artery thermometry was chosen because it is noninvasive, easily and quickly
measured, and has become popular among families and professionals, with some data to
support its use.43,44 Although there have been questions regarding its reliability in
comparison with rectal temperature measurements,45,46 a debate regarding the most
appropriate temperature measurement is beyond the scope of this article. However, the one
larger study describing this topic used axillary temperatures for study outcomes related to
fever.17
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CONCLUSIONS
The findings of this study suggest that combined and alternating doses of ibuprofen and
acetaminophen provided greater antipyresis than ibuprofen alone at 4 to 6 hours in these
children. Future studies may be needed to evaluate the safety of the antipyretic regimens
described in this study and of repeated doses of these 2 drugs when used in combination.
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Figure 1.
Study treatment arms with dosing schedule.
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Figure 2.
Mean hourly temperatures by treatment group. *P < 0.005; †P < 0.001.
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Table I

Demographic variables by treatment group (N=60). Data are number (%), unless otherwise indicated.

Ibuprofen Alone
(n = 20)

Ibuprofen +
Acetaminophen

(n = 20)

Ibuprofen Followed by
Acetaminophen

(n =20) P

Age, mean (SD), y 3.2 (1.9) 3.0 (1.9) 4.0 (2.8) 0.35

Age distribution 0.94

   <3 y 11 (55) 11 (55) 10 (50)

   ≥3 y 9 (45) 9 (45) 10 (50)

Sex 0.28

   Female 8 (40) 10 (50) 13 (65)

   Male 12 (60) 10 (50) 7 (35)

Race/ethnicity 0.59

   White, non-Hispanic 18 (90) 15 (75) 16 (80)

   Other 2 (10) 5 (25) 4 (20)

Weight, mean (SD), kg 15.3 (6.4) 13.6 (4.3) 16.8 (6.8) 0.26
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Table II

Study outcomes related to temperature (N = 60).

Temperature
Ibuprofen Alone

(n = 20)

Ibuprofen +
Acetaminophen

(n = 20)

Ibuprofen Followed by
Acetaminophen

(n = 20) P*†

Hour 0 (baseline)

   °C, mean (SD) 38.8 (0.9) 38.6 (0.4) 38.7 (0.9) 0.60

   <38.0°C, no. (%) 0 (0) 0 (0) 0 (0) –

Hour 1

   °C, mean (SD) 37.6 (0.5) 37.4 (0.5) 37.6 (0.4) 0.57

   <38.0°C, no. (%) 16 (80) 18 (90) 16 (80) 0.75

Hour 2

   °C, mean (SD) 37.1 (0.4) 37.0 (0.5) 37.2 (0.3) 0.52

   <38.0°C, no. (%) 19 (95) 20 (100) 20 (100) 1.00

Hour 3

   °C, mean (SD) 37.2 (0.6) 36.9 (0.4) 36.9 (0.4) 0.20

   <38.0°C, no. (%) 18 (90) 20 (100) 20 (100) 0.32

Hour 4

   °C, mean (SD) 37.5 (1.1) 36.9 (0.3) 36.9 (0.3) 0.002

   <38.0°C, no. (%) 14 (70) 20 (100) 20 (100) 0.002

Hour 5

   °C, mean (SD) 38.0 (1.1) 36.9 (0.5) 36.8 (0.3) <0.001

   <38.0°C, no. (%) 12 (60) 20 (100) 20 (100) <0.001

Hour 6

   °C, mean (SD) 38.5 (1.5) 37.2 (0.6) 36.9 (0.3) <0.001

   <38.0°C, no. (%) 10 (50) 19 (95) 20 (100) <0.001

*
P values for the comparisons of the mean temperatures were from the repeated measures analysis using mixed models.

†
P values for the comparisons of the binary outcome (<38.0°C vs ≥38.0°C) were from the χ2 or Fisher exact test at each of the time points except

at hour 0. The significance level was set toα = 0.05/6 = 0.008.
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